Objective. The aim of the present study was to develop a framework for assessing regulatory options for medicinal cannabis in Australia.
Introduction
Cannabis is globally the most widely used illicit psychoactive substance. 1 The cannabis plant, and/or its constituents, also has medicinal properties for treating specific health conditions. 2, 3 Due to the way cannabis has historically been understood politically, socially and legally, designing schemes that regulate access to medicinal cannabis for patients (but not access for other purposes) represents a complex and controversial policy challenge.
Australia is now embarking on the path of medicinal cannabis. In the past 2 years we have seen multiple state and federal initiatives. 4 For example, there have been initiatives in several Australian states, including in New South Wales Special Access Scheme is possible, given all necessary permissions are obtained in advance.
The regulatory regime for medicinal cannabis and program design features can make a significant difference to the extent to which medicinal cannabis programs are widely adopted, target and address the needs of specific patient groups and/or contribute to unintended effects on recreational use among adults. As reported previously, [5] [6] [7] [8] the specific features of medicinal cannabis programs can affect population health outcomes. Thus, the ways in which Australia designs and develops medicinal cannabis regimes will have important implications.
Clarity regarding policy goals is also essential. An Australian program may be designed with the primary goal of maximising patient access, including enabling those with a large variety of medical conditions to access medicinal cannabis. Alternatively, the policy goal may reflect a more restricted view about access, which is restricted only to patients with certain prescribed conditions for which there is a substantial evidence base regarding the efficacy and/or effectiveness of medicinal cannabis. Other important considerations include the extent of integration of medicinal cannabis treatment programs with routine healthcare.
In an ideal world, regulation arrangements (e.g. regulation of supply and patient authorisation) would be informed by a regulatory evidence base. As Scott 9 noted in relation to regulation more generally, 'more empirical work. . .would likely yield better understanding of the conditions under which regulatory regimes deliver the effects which are intended'. For medicinal cannabis, empirical data regarding regulatory regimes are lacking. As a first step, the aim of the present study was to review international regulatory models for medicinal cannabis and thus generate a framework that could be used to analyse regulatory regimes pertaining to medicinal cannabis. By reviewing the international regulatory systems, this study aims to help Australian decision makers distinguish between the different models and options, and provide a conceptual schema to identify the potential of different options to address policy goals.
Methods
In the first phase, available documentation on regulatory regimes from countries with medicinal cannabis programs was reviewed. Six countries were reviewed in detail (Australia, Canada, Czech Republic, Israel, the Netherlands and the US). Additional information was gathered from aggregate sources that pertain to medicinal cannabis accessibility in other countries (e.g. National Organization for the Reform of Marijuana Laws (NORML), International Association for Cannabinoid Medicines (IACM), Americans for Safe Access (ASA)) and confirmed through information from producers, media and other publicly available sources.
The review included documenting the variety of sources for medicinal cannabis (domestic production, importation etc.), the ways in which patients gain access (through medical prescription, via authorisations and recommendations) and the type of cannabis available (pharmaceutical and/or herbal preparations). This phase involved analysing the data to establish the key distinguishing features of the regulatory regimes. The third phase involved developing a conceptual schema that could be used to aid consideration of the options simultaneously. The final phase of the study was to identify the potential policy goals, as well as the advantages and limitations of the regulatory features with regard to the variety of goals.
Results
Internationally, there has been a proliferation of medicinal cannabis programs. These programs differ widely in their regulatory features: whether the medicinal cannabis is a pharmaceutical or herbal preparation, the ways in which patients can access the program, the dispensing or distribution mechanisms, the extent of domestic supply, the availability of home-growing provisions etc. The specific features of these programs are discussed below. In the first instance we examined the regulatory regimes using prescription, special access and clinical trials for pharmaceutical preparations and for medicinal-grade herbal cannabis, followed by an analysis of models using domestically cultivated herbal cannabis for medicinal purposes.
Prescription, special access and clinical trials with pharmaceutical preparations and with medicinal-grade herbal cannabis
At least 25 countries provided access to synthetic or plantbased pharmaceutical preparations and our analysis revealed that at least 10 countries (including Australia) adopted or used pre-existing legislation through which medicinal cannabis in herbal form or in preparations derived from it can be accessed ( Table 1) .
The most straightforward option used in medicinal cannabis programs has been the supply of pharmaceutical preparations following standard production and registration protocols for therapeutic goods. Pharmaceutical preparations containing synthetically derived tetrahydrocannabinol (THC), such as dronabinol, nabilone) are registered medications in at least six countries (Austria, Canada, France, Spain, UK, US), whereas pharmaceutical preparations that isolate pure THC (D 9 -THC) and cannabidiol (CBD) from the cannabis plant (e.g. Sativex by GW Pharmaceuticals, plc) have been registered (according to GW Pharmaceuticals, plc) in at least 23 countries (including Australia) to date. 10 Alternatively, medicinal-grade herbal cannabis is available in several countries. For example, in the Czech Republic and in Italy, herbal cannabis of medicinal grade (imported from the Dutch Office for Medicinal Cannabis) is prescribed and available in pharmacies as a 'compounding' medication (see Table 1 for details).
11
Synthetic or plant-based pharmaceutical preparations and compounded cannabis medications can be prescribed by a physician and dispensed in pharmacies, which can guarantee high adherence to standard health care as well as tight control over the supply chain and the groups of patients receiving the medication. The registered (licenced) pharmaceutical preparations have the advantage of having being assessed for efficacy and safety by the national regulatory agencies (however, this can be a lengthy and costly process). In instances where no product containing cannabinoids is available domestically and/or the scheduling precludes its prescription, compassionate exemptions to a 'named patient' have been applied; 12 this stems from the World Health Organization (WHO) recommendations on the import of pharmaceutical preparations that are not (yet) the scheme has previously been used for Sativex (Austria, Sweden), dronabinol (France, Germany, Spain, Sweden, Switzerland, US) or nabilone (Spain). If the medication proceeds through the domestic registration and licensing process, the scheme is replaced by prescription, as in the case of Sativex in Austria or Sweden.
C
The medicinal cannabis trials in NSW differ with regard to which herbal products are being used. As we understand it, at the time of writing the NSW child epilepsy study (GW Pharmaceuticals and the Government of New South Wales, further details provided at http://ir.gwpharm.com/releasedetail.cfm?releaseid=938568) uses Epidiolex (GW Pharmaceutical), a spray with high cannabidiol (CBD) content produced from plants by the same company that produces Sativex. The NSW palliative care trial (Sacred Heart Health Service, St Vincent's Hospital, Sydney, and Calvary Mater Newcastle Hospital and the Government of New South Wales, further details provided at https://www.nsw.gov.au/news-and-events/news/medicinal-cannabis-trial-forpalliative-care-cancer-patients/) uses vaporised cannabis flower buds produced by the Dutch Bedrocan (thus, falling under 'herbal cannabis -medicinal grade'). The NSW chemotherapy study (The University of Sydney, Royal Prince Alfred Hospital and the Government of New South Wales, further details provided at https://www.medicinalcannabis.nsw.gov.au/clinical-trials/chemotherapy-trial) uses a plant-derived pharmaceutical-grade capsule containing both THC and CBD and developed by a Canadian company Tilray. domestically registered. 13 These 'personal import' or 'special access' schemes have been used in several countries with regard to Sativex before its registration on the domestic market (e.g. in the UK, Sweden and New Zealand 12 ) and 'compounding' herbal cannabis sourced from the Netherlands (e.g. in Denmark, Finland and Germany).
14 Another means of accessing pharmaceutical preparations has been through clinical trials (Table 1) .
Models using domestically cultivated herbal cannabis for medicinal purposes
The rationale for pursuing the herbal form of medicinal cannabis is the synergistic (entourage) treatment effects of the combination of relevant (phyto)cannabinoids present in the cannabis plant 15 and the rapid onset of effect associated with vaporisation of the herbal product. Clinical evidence on the effectiveness of herbal cannabis preparations is growing, but remains scarce; 16 there are few studies on smoked cannabis compared with the number of trials on pharmaceutical preparations. The various regulatory approaches for herbal cannabis are summarised in Table 2 .
Herbal preparations can be described as 'medicinal grade' where cultivation and processing occurs under controlled conditions in order to produce predetermined and stable levels of cannabinoids (THC and CBD). The benefits of a medicinalgrade product is that it facilitates dose control by a physician and that it is safe from contamination by adulterants, moulds, heavy metals, pesticides and other chemical residues. 17, 18 Supply of 'medicinal-grade' cannabis in herbal form has relied on specific measures governing controlled national-level production. 'Tight', centralised regimes have been introduced in two countries, namely the Netherlands 11 and the Czech Republic, 19 where a state-level agency is in possession or control of all cannabis produced in the country and distributes it; patients can access the product upon a doctor's prescription via pharmacies ( Table 2 ). The establishment of a national-level agency follows The United Nations Single Convention on Narcotic Drugs, 1961 (https://www.unodc.org/pdf/convention_1961_en. pdf; accessed 16 April 2017), which was developed with regard to the cultivation of opium poppies.
In Australia, national legislation has been passed that appoints the Federal Department of Health as the agency that issues licences to cultivate medicinal cannabis (Narcotics Amendment Bill, Act. No. 12/2016). Several other countries have used an 'agency' to issue cannabis cultivation licenses at the national level, most notably Israel 20 and Canada, 21 but their cannabis distribution mechanisms appear to be more decentralised (Table 2) . Although both jurisdictions have imposed some quality standards on production, cannabis cultivators are, in general, left to supply patients without the agency acting as an intermediary and outside the medical prescription system (Table 2) .
In several states in the US, the system is decentralised, with dispersed distribution arrangements driven by state-level regulations. At least 28 US states have passed laws allowing medicinal cannabis programs, and several others have passed laws allowing for the use of CBD, a compound in the cannabis plant that is responsible for some of its therapeutic effects, but not the psychoactive effect. [22] [23] [24] The diversity of US approaches to medicinal cannabis has been shaped by the lack of regulation from the Federal government (with cannabis listed as a Schedule I substance with no medicinal value) and, at the same time, non-enforcement of Federal laws. The US programs do not adhere to either federal drug control laws or to the healthcare and medical prescription system (using 'recommendations' instead). Finally, there remain programs that simply focus on individual patients being ex ante exempted from criminal prosecution based on their diagnoses as stated by a medical practitioner or by the medical practitioner's recommendation that the patient would benefit from cannabis use ( Table 2 ). Here the patients and/or their caregivers have been allowed to cultivate a limited amount of cannabis or to access it from the black market, as is the case with the NSW Medicinal Cannabis Compassionate Use Scheme. 25 When cannabis is grown by individuals or designated caregivers (whether for medicinal or recreational purposes), there is no certainty about the quality.
Conceptual schema for medicinal cannabis regulation
The previous section documented the variability of features and provisions in medicinal cannabis schemes worldwide. We now turn to a generic conceptual schema that encompasses this diversity. Two central dimensions to the regulation of medicinal cannabis were identified: cannabis supply and patient authorisation. The inclusion of a third possible dimension, patient access, was considered but because the intent was for the most prudent conceptual schema, patient access was managed within the second dimension of patient authorisation. Table 3 provides the conceptual schema.
Dimension A: cannabis supply
Considerations regarding the regulation of the supply of medicinal cannabis need to accommodate the types of medicinal cannabis, ranging from synthetic or plant-based pharmaceutical preparations (A1, A2) to herbal cannabis (the flowering top of the plant or extracts from it). The supply options vary depending on which formulation is being considered. In addition, supply options differ depending on whether the products are imported (A2, A3) or produced domestically by licenced producers (A4), or whether an official supply source has been established at all (A5).
Dimension B: patient authorisation and access
The different patient authorisation and access schemes that have been applied to medicinal cannabis worldwide include exemption from criminal prosecution based on patient diagnosis, medical 'recommendation' or formal diagnosis appropriate to the use of cannabis (B1), name-based exemptions to import as yetunregistered cannabinoid medicines (B2), clinical trials (B3) and standard prescription regimes (B4).
Matrix of possible regulatory regimes -combinations of A and B
Within each of the dimensions of medicinal cannabis regulation, namely supply and patient authorisation and access, several different options have been applied worldwide. The combination of the two dimensions in Table 3 shows the 12 options that have proven feasible internationally and represent regulatory options that could be further pursued by jurisdictions; these are indicated with an 'X' in Table 3 . Several countries have used these options in parallel with one another. For example, both A4B1 and A5B1 are currently used in Canada and in some US states, whereas in other US states only one of the two options applies. In the Czech Republic, both A3B4 and A4B4 are available in practice, although if there was sufficient domestic production of herbal cannabis at lower cost, A3B4 could easily be ceased. Clinical trials (represented in B3) are by definition temporary, and may or may not proceed to permanent conventional access. Similarly, A2B2 and A3B2 special access options may be short term and temporary, or they may remain long term and the only option. Table 3 also distinguishes between seemingly identical programs based on licensing herbal cannabis cultivators, but they differ in important aspects regarding patient authorisation and access. For example, because of patient authorisation mechanisms, programs in Israel or Canada (which fall under A4B1) differ from those in the Netherlands, the Czech Republic or Australia (A4B4). In addition, in some countries, patients may be obtaining their medication in a pharmacy after undergoing an extensive and costly process of special access (A2B2, A3B2), whereas in other countries patients would obtain their medication through prescription (A2B4, A3B4) at a lower cost and effort.
The recent Australian federal legislation (Narcotics Bill Amendment 2016 and the TGA interim decision on scheduling cannabis, April 2016) has opened up space for the prescription of herbal cannabis preparations (A4B4, A1B4), potentially replacing the rather limited special access scheme (A2B2, A3B2), and Cultivation not allowed A In the Netherlands, cultivation of up to five cannabis plants is, under certain circumstances, tolerated by the law. This does not apply to medical patients specifically and does not make up part of the official medicinal cannabis policy. Similarly, anyone can buy cannabis in coffee shops (there is no official quality control of cannabis sold there).
B
In the Czech Republic, cultivation of up to five cannabis plants for personal use is not a criminal offence. This does not apply to medical patients specifically and does not make up part of the official medicinal cannabis policy.
C
In Canada, the current act governing medicinal cannabis is a merger of the repealed Marihuana Medical Access Regulations SOR/2001-227 (MMAR), which allowed cultivation of cannabis by patients and their caregivers and access through a single, government-contracted producer, and the Marihuana for Medical Purposes Regulations SOR/2013-119, which was meant to replace the MMAR with a model with multiple licenced producers. However, the Canadian courts ruled that it was unconstitutional for the licenced producers to be the only source of medicinal cannabis to patients; hence, the comprehensive ACMPR was adopted. In parallel to these developments, unauthorised dispensaries have been operating in Canada; their legal status remains uncertain. D Cannabis dispensaries are available, but no patient or caregiver cultivation is allowed in Delaware, District of Colombia, Maryland, New Jersey or Washington (for details, see Pacula et al. 6 or Americans for Safe Access Legal Information by State & Federal Law 39 ). Cultivation by patients is allowed alongside an existing system of dispensaries in Arizona, California, Colorado, Maine, Michigan, Montana, Nevada, New Mexico, Oregon, Rhode Island and Vermont. E Alaska and Hawaii.
sitting alongside existing initiatives, such as the NSW Medicinal Cannabis Compassionate Access Scheme (A5B1), the clinical trials (A1B3) and possibly A2B3, A3B3, A4B3, as well as the availability of Sativex since 2012 (A2B4). Whether and how these schemes will complement each other and how the federal legislation will be translated into state-level laws, as well as integrated with existing initiatives and prescription practices, is yet to be seen.
Strengths and weaknesses of regulatory regimes and the connection to policy goals
The conceptual schema proposed herein can facilitate discussion about the relative advantages and limitations of different options with reference to policy goals. There are several different policy goals, such as accessibility to patients, costs, quality control and integration with usual health care. Each of these can represent different regulatory priorities. In relation to accessibility of a variety of cannabinoid products, clearly A3-A5 allow for a broader range than A1 and A2 at the moment.
The US dispensary model provides ready access for patients, with both the dispensaries and the producer-to-consumer models offering a range of cannabis varieties that may address different patient needs, although the quality of products remains uncertain. The centralised models (such as in the Czech Republic or the Netherlands) offer less flexibility than the distributed models (e.g. selected US states, Israel or Canada), but the policy goal of accessibility needs to be weighed up against managing the risks of diversion of medicinal cannabis to unapproved conditions and for recreational use (e.g. A5B1 or A4B1 allows for less control than any of the B2-B4 options). The US dispensary model has been shown to be rather permissive to access by people who use cannabis recreationally. 6 The relative importance of quality control is another consideration. Where regulatory regimes have an absence of quality control of the product (e.g. in countries where only patient cultivation or cannabis from the black market is allowed), therapeutic value may be compromised. In the conceptual schema, options A1-A3 represent stronger potential for quality control mechanisms than A5. In A4, quality control mechanisms will depend on the regulatory requirements and the ability to enforce them; for example, in combination with B4 these will be guided by the WHO's Good Manufacturing Practice 26 at the minimum. The costs of the various regulatory options have not been documented to date, and further research is required to assess the relative costliness of different regulatory regimes. The considerations here include the cost to patients. Anecdotally, the special access schemes (B2) are seen to be costly to the patient, and time consuming. Pharmaceutical preparations may also be more costly to patients than (medicinal-grade) herbal cannabis, but this would depend on government prescription subsidisation. The high pharmaceutical standards regarding quality can also lead to higher costs (in terms of costs to the pharmaceutical industry, which are then passed on to governments and patients). Another related cost consideration is the nature of the industry. The creation of monopolies (through centralised systems of licenced growers) may lead to 'monopolistic' inefficiencies and higher prices due to reduced competition, notwithstanding a public health goal of higher prices to reduce recreational consumption. 27, 28 For coordinated, centralised regulatory regimes, where quality control is an important policy goal, the administration and compliance monitoring costs to government (e.g. A4 licenced authorised producers) may be high. Conversely, the involvement of domestic producers in a new agricultural economy and taxation revenue may represent substantial economic benefits to a government. For example, the state of Colorado in the US legalised both medicinal and recreational cannabis and taxed them with a 2.9% sales tax and recreational cannabis with an extra 10% retail tax; from this, the state has been retrieving approximately US$11 million per month in revenue, of which US$1 million was from medicinal cannabis alone (as of December 2016). [29] [30] [31] Another area of regulatory importance is the extent to which regimes are strict regarding the eligible diagnoses versus more liberal with regard to medical conditions (variations within B1). The existing literature on the efficacy and cost-effectiveness of medicinal cannabis to treat medical conditions remains highly contested, with a substantial discrepancy between the conditions purported to respond to medicinal cannabis (see https://www. medicalmarijuana.com; accessed 26 April 2017) versus the scientific literature derived from randomised controlled trials. 3 For example, the qualifying conditions vary between US states from an extremely confined list in North Carolina (intractable epilepsy only) to California, where 'any other chronic or persistent medical symptom that substantially limits the ability of the person to conduct one or more major life activities' (California legislation, Health and Safety Code, Div 10, Article 2.5 11362.7) provides eligibility for medicinal cannabis. Regimes with broad patient eligibility may potentially have lower adherence to standard health care practice and have less potential for treatment follow-up by a physician. The extent to which integration into usual health care practice is deemed an important feature of a medicinal cannabis program will determine preference for some regulatory options (such as B4) over others (such as A5). Again, to date, evaluative data on these variables is lacking.
Discussion
In our analysis, we aimed to summarise the key features of medicinal cannabis programs across the world. Although several authors have described medicinal cannabis programs at a national level, 6 ,21 a comparative international perspective was lacking in the scientific literature. We found diversity in the types of medicinal cannabis provided, the modes of supply, patient authorisation and patient access and derived a conceptual schema.
Both dimensions of the conceptual schema need to be considered simultaneously. This may not occur because the supply dimensions are controlled by a different agency or jurisdiction from the patient authorisation regimes. Federal and state governments need to work 'hand in glove' on medicinal cannabis, designing and evolving the regulatory regimes that represent agreed-upon chosen policy goals. The choice of policy goal will favour some features in Table 3 compared with others.
In an ideal world, some of these choices would be driven by the evidence base from other countries that have had more experience with medicinal cannabis regimes. One example is the extent to which concern about the effects of a medicinal cannabis program on recreational cannabis use (possibly through diversion, as well as through unintended messaging about risks and benefits of cannabis use) is a high priority. Unfortunately, despite growing research, the evidence base remains unclear. For example, in relation to adults, three studies found no changes in adult cannabis use, 32 rates of cannabis use disorder 33 and cannabis use among arrestees. 34 Conversely, two studies found increased rates of both cannabis use and cannabis use disorders 35, 36 in US states with medicinal cannabis programs. In addition, other program details play a role in how effective medicinal cannabis regulations are in reaching policy goals. Among them could be the range of diagnoses that make patients eligible for the scheme, the quantities of medicinal cannabis that patients are authorised to possess at a given time, whether the cost of medication is subsidised, the costs and availability of cannabis from other sources and who applies for authorisation (patient vs physician). In addition, it should not be taken for granted that the policy is implemented as per the law, because often practice does not reflect the actual laws. 37, 38 For example, how quality control is enacted may affect the extent to which the cannabis is medicinal grade and directly impact on prices.
In light of the ambiguity in evidence and the sheer absence of direct comparative research on regulatory regimes, there is a need for ongoing dialogue about cannabis policy goals among all the key players in Australia. In addition, it seems sensible to design scheme(s) that can be readily adjusted and modified over time with growing evidence and experience.
Conclusions
The main aim of the present study was to develop a conceptual schema of the regulatory options for medicinal cannabis in Australia, based on knowledge of the variety of regulatory regimes occurring internationally. There is a wide variety of options to consider across the two dimensions of supply and patient authorisation. The choices largely depend on the form of cannabis (pharmaceutical or herbal) and the related policy goals, such as the extent of patient access restriction, timeliness, integration with usual health care and cost considerations (to regulators and the patient). Given the absence of an evidence base to inform best practice regulation, ongoing dialogue is essential.
